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SUMMARY 

A n  investigation has been made i n  the Langley 8-foot  transonic 
tunnel  to  determine  the  effects of nacelle shape  and posi t ion on the ' 
aerodynamic character is t ics  of two  wing-body configurations a t  Mach 
numbers varying from 0.50 t o  1.12. The two wings had 47O sweepback 

zero twist and dihedral. One configuration had a wing with  constant 
streamwise thickness of 6 percent along the  span; the  other  configuration 
employed a wing with  6-percent-thick  sections  outboard of  the  40-percent- 
semispan s ta t ion  but   tapered  to  a 12-percent-thick  section a t  the  plane 
of symmetry. Nacelles  investigated  consisted Of underslung and pylon- 
suspended nacelles  located a t  the 40-percent-semiepan s ta t ion,  submerged 
nacelles, and wing-tip  nacelles. L i f t ,  drag, and  pitching-moment 
coeff ic ients  were determined from strain-gage measurements. The Reynolds 
number of the tests based on the  wing mean aerodynamic chord varied 
from 2.0 x lo6 t o  2.6 x lo6. 

% 

c of the 0.25-chord l ine ,   aspec t   ra t io  of 3.5, t ape r   r a t io  of  0.2, and 

The drag a t  high subsonic Mach numbers fo r  the various nacelle 
configurations  with  the  exceptfon of the underslung  and  wing-tip  nacelles 
was high when compared with  the drag of the  isolated  nacelles.  A t  
transonic Mach numbers, the  interference drag of the  various  nacelle 
configurations WRS high i n  nearly a l l  cases. In' general,  configurations 
with the highest drag were those i n  which the maximum area of the 

wing-body combination. 
R nacelles  occurred a t  or near  the maximum cross-sectional area of the 

d In the  case of  the nacelles  located a t  the &-percent-semispan 
s ta t ion,  moving the  nacelles a moderate amount ahead of and down from 
the   loca l  w i n g  chord  caused  substantial  reductions i n  transonic 
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interference  drag. Fur ther  chordwise and ve r t i ca l  movement d id  not 
r e su l t  in any appreciable  drag  reductions  but had a favorable  effect 
on the  drag-break Mach  number. A t  Mach numbers  up t o  about 0.80, the 
s t r u t  and strut-end  junctures of the pylon-suspended nacelles  appeared 
t o  be responsible  for a large  interference drag. 

Moderate thickening of the wing root  was accomplished  without 
penalty i n  minimum drag  or maximum l i f t - d r a g   r a t i o  when the  nacelles 
were submerged i n   t h e  wing r o o t   a f t  of the maximum-thickness s ta t ion.  
A t  high Mach numbers the  wing-tip  nacelles had the lowest  incremental 
drag  coefficients and the highest maximum l i f t -drag  ra t io   values  of the 
various  nacelles  investigated on the 6-percent-thick wing-body 
configuration. 

In  general,  the  various  nacelle  configurations  caused small 
reductions i n   t h e  drag-breakMach number and produced small increases 
i n  the  l if t-curve-slope  characterist ics of the  basic models. The pylon- 
suspended  and  underslung nacelles produced destabil izing moments, whereas 
the submerged and wing-tip  nacelles  caused  stabilizing moments of the 
basic models. 

MTRODUCTIOIJ 

The NACA has been  conducting a broad  prowam of research  to  
determine the aerodynamic character is t ics  a t  supersonic  speeds 
(refs. 1 t o  3)  and at transonic  speeds  (refs. 4 and 5 )  of wings varying 
i n  thickness  ratio and i n  sweep for  use on a high-speed bomber. The 
present  paper  presents  the  results a t  high-subsonic and transonic 
speeds of a nacelle  investigation conducted on two  wing-body combinations 
of t h i s   s e r i e s .  The wings both had 47' sweepback based on the 0.25-chord 
l ine,   aspect   ra t io  3.5, and t ape r   r a t io  0.2, but  differed i n  root-section 
configuration. Underslung,  pylon-suspended,  and  wing-tip  nacelles were 
investigated  in  conJunction  with one of these w i n g s  which had 6-percent- 
thick  sections  throughout.  Nacelles submerged i n  the wing r o o t  a lso 
were studied on t h i s  wing and on the second wing which had a root  section 
that   var ied  l inear ly  i n  thickness   ra t io  from 12 percent at the plane of 
symmetry t o  6 percent of the  40-percent-semispan  station. The underslung 
s n d  pylon-suspended nacelles  investigated on the  6-percent-thick wing 

a consistent  family i n  which forward movement of the  nacelles 
was accomplished by proportional downward  movement so  tha t   t he   t r a i l i ng  
edge of the wing always cleared a 30°-included-angle  conical  surface 
extending a f t  from the  nacelle  exit .  

The results reported  herein  consist of lift, &rag, and pitching- 
moment measurements for  a Mach  number range of 0.50 t o  approximately 1.12. 

L 

L 
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3 I n  general, measurements were made for   the   nace l les   in  the f a i r ed  and 
unducted condition; however, one nacelle  configuration w a s  provided 
with  an  internal  ducting system which permitted a study of the external 
e f fec ts  of in te rna l  a i r  flow  and  of inlet and e x i t  geometzy. Total- 
pressure and static-pressure rneasuremente were taken at the exit of 
the ducted  nac'elle t o  determine  the mass flow, inlet-veloci ty   ra t io ,  
and internal  drag  coefficient.  The tests were conducted i n  the 
Langley 8-foot  transonic  tunnel. 
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area, sq f t  

mean aerodynamic chord of wing, in .  

point mass-flow coefficient,  - PV 
POVO 

internal  drag  coefficient of flow  nacelles  baaed on 
wing area 

' nacelle drag increment,  drag-coefficient rise due t o  
addition of nacelles t o  basic wing-body configuration; 
the  factor  used t o  convert  the nacelle drag  increment 
t o  a value  baaed on nacel le   f rontal  area ia 46.57 fo r  
a U  nacelles 

dCL l if t-curve  slope per degree, - 
aa 

pitching-moment coefficient,  

lift, lb 

maximum lift-drag r a t i o  

IC m mass-flow r a t e ,  pAV, alugs/sec 

M Mach number 
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Subscripts: 

C 

1 

drag-break Mach  number defined as value where - dcD - - 0.10 
dM 

pitching moment of aerodynamic forces   about   la teral  axis 
which passes  through  25-percent  point  of mean aero- 
dynamic chord of wing, inch-pounds 

dynamic pressure, $ poVo2, lb/sq f t  

radius,  measured from nacelle  center l i n e ,  in .  

maximum radius of nacelle, i n .  

Reynolds number based on F 

wing area, sq f t  

velocity,  f p s  

angle of a t tack of body center   l ine,  deg 

air density,  slugs/cu f t  

free stream 

nose-inlet  entrance 

APPARATUS AND METHODS 

Tunnel 

The tests were conducted i n  the Langley  8-foot  transonic  tunnel 
which i s  a dodecagbnal, s lot ted- throat ,   s ingle-return  type of wind 
tunnel. The use of longi tudinal   s lots   a long the test   section  permitted 
the tes t ing  of the models through  the speed of sound without  the usual 
choking e f f ec t s  found i n  the  conventional  closed-throat t m e  of wind 
tunnel. Typical Mach  number d is t r ibu t ions  along the center  of t he  
s lo t t ed   t e s t   s ec t ion  m e  shown i n  figure 1. Local  deviations from the 
average  free-etream Mach number in   the   reg ion  of the model were no 
larger  than 0.003 at subsonic  speeds. With increases i n  Mach  number 
above 1.00, the deviations  increased  but did not  exceed 0.010 a t  a 
Mach  number of 1.13. A complete description of the Langley 8-foot 
transonic  tunnel  can be found in   re fe rence  6. 

. 
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Model . 

5 

Wing-body configuration.- The models employed fo r  the t e s t s  were 
L supplied by a U. S. A i r  Force  contractor  and were constructed of steel. 

The  two b a s k  wing-body combinations were midwing configurations  and 
as shown i n  figure 2 had wings of 470 sweepback of the 0.25-chord l ine ,  
aspec t   ra t io  of 3.5, t ape r   r a t io  of 0.2,  zero twist and dihedral, and 
the fo l lowing   a i r fo i l   s ec t ion   pa ra l l e l   t o   t he  model plane of symmetry: 

Thickness d is t r ibu t ion  . . . . . . . . . . . . . . . . NACA 65A-series 
Mean-line ordinates . . . . . . . . .1/3 of NACA 230 series plus NACA 

6-series uniform-load mean l i n e  
(a = 1.0) fo r  8 design l i f t  
coeff ic ient  of 0.1 

The wing of one of the models had a constant streamwise thickness 
of 6 percent along the span .W1, and the  other model elpployed a wing 
with 6-percent-thick  sections  outboard of the  40-percent-semispan 
s ta t ion   bu t   t apered   to  a 12-percent-thick  section a t  the plane of 
symmetry W2' Airfoil   coordinates  for  the two wings are given i n  I 

t ab l e  I. The body w a s  a steel she l l  with an ogival  nose  followed by 
a constant-diameter  cylindrical  section w i t h  a r & t i o  of body diameter 

i t o  wing span of about 0.094. 

Underslung  and  pylon-suspended nacelles. - The underslung  and pylon- 
suspended nacelles were bodies  of  fineness  ratio 9.51 formed by adding 
ogival nose and t a i l  s ec t ions   t o  a cylindrical  midsection. The under- 
slung nacelles,  designated as Nu herein, were sttached t o  t h e  6-percent- 
thick wing W1 a t  the 0.40-semispan s t a t ion  such that the upper surface 
of the nacelles was tangent t o  the wing-chord plane. The pylon-suspended 
nacelles were attached t o  the same xfng a t  the same spanwise s t a t ion  by 
means of 7 5 O  sweptforward s t r u t s  which had a thickness   ra t io  of 5 percent 
pa ra l l e l  t o  the free stream.  Three  chordwise  poeitione, N1, N2, and N3 
were studied by progressively  lengthening the support s t ru t .  Since the 
forward movement of the  nacelle was accompanied by a proportional 
downward  movement, the underslung  and  pylon-suspended nacelles formed 

- a consistent  family  in which the t r a i l i n g  edge of the wing &ways j u s t  
cleared 8 30°-included-angle  conical  surface  extending af t  from the 
nacel le   exi t .  The nacelle  and  strut  details are given i n  figures 3 
and 4. The designations  given the various  nacelle  posit ions  in figure 3 

d are used  throughout this paper. 

Pylon-suspended nacelles with air flow.- The pylon-suspended 
nacelle N2 was modified t o  permit in te rna l  air flow by the provision 
of a 1.0-inch-diameter  cylindrical  duct  through the body ( f igs .  4 and 5 ) .  
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As shown i n  figure 5 t  NACA 1-series nose-inlet  ordinates were used i n  
both  nase and t a i l  fairings, and several d i f fe ren t  nose  and t a i l  shapes 
were inves t iga ted   in   o rder   to  determine the major effects of t he  
proportions of these components. The  designations  given  the  ducted 
nace l les   in  figure 5 are used t o   i d e n t i f y  the configurations  throughout 
t h i s  paper. 

Submerged nacelles. - The submerged nacelles were tested  with  both 
the  6-percent-thick  and  the  tliickened-root wing  models W1 and W2. 
T h e  submerged nacelles  consisted of two nacelles  on  each w i n g  semispan 
loca ted   s l igh t ly  below the wing-chord plane  and  rearward of the wing max- 
imum thickness a t  the  0.141- and  0.23h-semispan s ta t ions.  The submerged 
nacelles on the  6-percent-thick wing were designed t o  have  scoop-type 
i n l e t s ,  whereas the  submerged nacelles on the  thickened-root wing were 
designed t o  have wing-leading-edge in l e t s .  The internal   duct ing  for  
the submerged nacelles, however, was not simulated for   the  present  
tests. The f r o n t a l  areas of t he  submerged nacelles and  of the pylon- 
suspended nacelles were equal. A photograph of the  submerged nacelles 
on the  thickened-root wing-body configuration is  shown i n  figure 6 and 
details of  the  nacelles are given i n  figure 7. The submerged nacelles 
on the  6-percent-thick w i n g  and on the thickened-root w i n g  have been 
designated as NB1 and Nsst respectively. 

Wing-tip  nacelles.- The w3ng-tip nacelles had the  EWIE dimenslone 
as the pylon-suspended  nacelles. The wing-tip  nacelles were mounted 
symmetrically  with  respect t o  the wing-chord plane on the  6-percent- 
thick wing as shown i n  figure 8. The designation NWt has  been  given 
the wing-tip nacelles i n  the present  paper. 

Model Support System 

The models were attached  to  the  st ing  support   through a six- 
component, internal,   electrical   strain-gage  balance which w a s  provided 
by a U. S.  Air Force  contractor.  Angle-of-attack changes of thc, models 
were accomplished by pivoting the sting  about a point which was located 
approximately 66 inches downstream of the 0.25-mean-aerodynamic-chord 
point. A sting bent 15O ahead of the  pivot   point  was used i n  order t o  
keep the  model position  reasonably  close  to the tunnel axis when the 
model angle of a t tack was varied from 6' t o  12'. T h e  angle mechanism 
was controlled from outsi&  the test section and therefore  permitted 
angle change8 with the tunnel  operating. A detailed  description of the  
support  system  can be found in   re fe rence  7. 

c. 

. 
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Measurements 
L 

Lift,  drag, and pitching moment were determined by meam of an  
electrical  strain-gage  balance  located  inside  the body. For the basic 
models, measurements were taken  for  angles of at tack from -2O t o  14O 
a t  Mach numbers varying from 0.50 t o  approximately 0.95 and from -2O 
t o  6O a t  Mach numbers varying from 1.00 t o  approximately 1.12. I n  
general  the models with  the  nacelles w e r e  t es ted   for  angles of a t tack 
from -2 t o  7'. The accuracy of the data a t  a Mach  number of 0.50, 
based on the   s ta t ic   ca l ibra t ion  of the balance  and  the  reproducibility 
of the  data, i s  as follows: 

L 

6 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.005 
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.0005 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.004 
The accuracy of the  data i s  improved a t  the higher Mach numbers. 

A pendulum-type accelerometer,  calibrated  against  angle of a t tack  
and located  within  the  st ing downstream of  the model, was used to   ind ica te  
the angles of the model r e l a t ive  t o  the air stream.  For actual  testing 
conditions, however, it was necessary t o  apply a correction t o  the 
angle of a t tack of the model caused by the   e l a s t i c i ty  of  the  st ing- 
support  system. 

.. 
The use of the  calibrated  accelerometer  in  conjunction  with  the 

remotely  controlled  angle-of-attack  changing mechanism allowed  the 
model angle t o  be set within M.l0 fo r  all test Wach numbers. 

Reynolds Number 

The var ia t ion of t e s t  Reynolds number, based on the mean aerodynamic 
chord of the wing, with Mach  number averaged for  Eeveral runs i s  
presented i n   f i g u r e  9.  The Reynolds number varied from 2.0 X IO6 to 
2.6 x lo6 for  the  present  investigation. 

Corrections 

The usual corrections  to  the Mach  number and dynamic pressure  for 
the   e f fec ts  of the model and wake blockage  and t o  the drag coeff ic ient  
for   the  effect  of the pressure  gradient  caused by the wake are  no 
longer  necessary  with the use  of  longitudinal  slots in the test  section 
( re f .  8).  The data reported  herein have  been corrected for a slight 
misalinement of the  tunnel a i r  stream. 

E 

L 
The drag data have been corrected  for base pressure  such that the 

drag  corresponds t o  conditions where the body base  pressure i s  equal 
to the  free-stream  static  pressure. - 



8 - NACA RM L5XO2 

No correction  for wing twist due t o  bending of the swept wings has 
been applied  to  the data. Calculations  using  theoretical span loadings 
given in  reference 9 and the stiffness properties of the wings indicated 
t h a t  bending had a negligible  effect  on the  data  presented  herein. b 

I 

There ex is t s  a range of Mach numbers above Mach  number 1.0 where 
slotted-tunnel  data  are  affected by re f lec ted  shock waves. On the basis 
of the   resu l t s  of reference 10, it was estimated  that the ref lected 
nose  shock wave should  clear  the  rear  of  the model a t  Mach numbers 
above 1.08. Schlieren  pictures made during  the  present  tests  substan- 
t iated  these  calculations.  The results of  reference 10 also  indicate 
that  although a detached bow  wave ex is t s  ahead of the model a t  low super- 
sonic Mach numbers the  reflected wave up t o  a Mach  number of approximately 
1.04 is of such weak in tens i ty  that the  data are not  appreciably  affected. 
Accordingly, no data were taken i n   t h e  range of Mach numbers from 1.04 
t o  1.08, and i n  the f inal   cross   plots  of the   resu l t s  the curves are 
faired i n  this range of Mach numbers. 

a 

An index of the figures presenting  the  results i s  8s follows: 
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The reference axes of  the data presented i n  the figures have been 
changed from body axes t o  wind axes. In   o rder   to  facil i tate presentation 
of the data, staggered  scales have been  used i n  many of the figures and 
care  should be taken in   ident i fy ing  the zero axis for  each curve. 

DISCUSSION 

A summary of the  aerodynamic character is t ics  of the  various  nacelle 
configurations tested on the  6-percent-thick wing-body configuration is 
given i n  table 11. The  transonic  interference  drag  of  the  nacelles was 
high  in  nearly all cases. In general,  the  configurations  with  highest 
drag were those i n  which the maximum area of the  nacelles  occurred a t  
o r  near the  maximm.cross-sectional area of the wing-body combination. 
I n  this  respect,  therefore,  the  requirement for avoiding  large  transonic 
interference  drag i s  similar to that for  delaying  compressibil i ty  effects 
at subsonic speeds; namely, the  addi t ion of points  of maximum thickness 
or  peak negative pressures should be avoided. 

Drag Chmacter is t ics  

Underslung  and  pylon-suspended nacelles.- The e f f ec t s  of changes 
i n  nacelle  location a t  the  40-percent-semispan wing s t a t i o n  on the 
incremental  drag  coefficients  of  the  nacelles  for O'and 0.3 lift coef- 
f i c i en t s  are presented i n  figure 23. T k r e  i s  also included in figure 23 
the drag  coeff ic ient   for  two isolated  nacelles as determined from 
unpublished  rocket  data.  These  values were based on the wing area of 
the  present model. A comparison  between the  drag of the  isolated 
nacelles and the measured nacelle  drag is indicat ive of the   l eve l  of 
the interference  drag. U p  t o  a Mach  number of 0.80 and at zero l i f t  
coefficient,  the  underslung  nacelles Nu had the lowest  incremental 
drag of this group of nacelles. The f a c t  that the incremental  drag  for 
these underslung  nacelles was lower than that for the  isolated  nacel les  
fndicates  the  existence of  favorable   interference  effects   in  this range 
of Mach number. 

A t  zero l i f t  coeff ic ient  and up to 8 Mach rxmber of 0.80, the  
incremental h a g   c o e f f i c i e n t s   f o r  the pylon-suspnded  nacelles 
N1, N2, and N3 were all approximately 50 percent  higher  than  those 
f o r  the isolated  nacelles.  The reason  for this large  subsonic inter-  
ference  drag 5s not  understood. The f a c t  that it did not change appre- 
ciably with changes in   nacel le   posi t ion,  however, seems to   ind ica te  that 
it was caused  mainly by the s t r u t s  or t h e   s t r u t  end junctures  rather 
than by the  nacelles. 
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A t  transonic Mach numbers, important  differences i n  the  incremental 
drag  values were noted as the  nacelles were moved forward and downward 
from posit ion Nu t o  posit ion "3. A t  a Mach  number of 1.00, the  
interference  drag of the pylon-suspended nacel les   in   posi t ion N1 was 
the  same as that  for  the  underslung  nacelles Nu and was approximately 
twice  the  drag of the   isolated nacelTes; i n   pos i t i on  N2 the  i n t e r -  
ference  drag was about  equal t o  the drag of the  isolated  nacelles; and 
in   pos i t i on  N3 there w a s  l i t t l e  or no interference  drag,  that i s ,  the 
measured nacelle  drag w a s  approximately  equal t o   t h e  drag  of  the  isolated 
nacelles.  Unfortunately,  sufficient  schlieren  photographs were not 
obtained i n  the transonic  speed  range t o  determine  the  nature of the 
changes i n  the flow phenomena responsible for these changes i n   t h e  
interference  drag;  the  complexities of the  a i r  flow, especially  near 
M = 1.00,  can  be  observed in  the  schlieren  photographs shown i n   f i g u r e  39 
for the  pylon-suspended nacelles  with air  flow in   poa i t ion  Ng. A t  a 
Mach  number of 1.10, a change in   nace l le   pos i t ion  from Nu or  p11 
t o  N2 caused a marked reduction i n  the  interference  drag,  but  further 
movement of the nacel les   to   posi t ion N 3  produced negligible  further 
change. The transonic  interference  drags of nacelles N2 and N3, 

' although much lower than  those of Nu and N1, were s t i l l  of  important 
magnitude. 

The r e su l t s  a t  a l i f t  coeff ic ient  of Q.3, figure 23, show that the 
nacelles  with  the  shortest  pylon length N1 produced much larger   inter-  
ference drag  values a t  Mach numbers up t o  1.00 than nacelles n,, Nz, 
and N3. The high level of the  subsonic  incremental  drag for t h i s  
nacelle could  be due t o  i t s  poor  chordwise  and ver t ical   locat ion 
(similar r e su l t s  are reported i n  ref. 11). A t  a Mach  number of 1.00, 
large  reductions  in  the  incremental drag coefficients  again  occurred 
as the  nacelles were moved forward and down from posit ion N1 t o  
posit ion N3. A t  a Mach  number of 1.10, the  incremental drag  coefficients 
of  nacelles N2 and N 3  again were about  equal  and  very much lower 
than  those for Nu and N1. 

Maximum l i f t -drag   ra t ios  for model W1 with and without  the 
nacelles  just  discussed are presented  in  figure 24. As would be  expected 
on the  basis of the data fo r  CL = 0.3 i n  figure 23, t he  maximum l i f t -  
drag  ra t ios  a t  subsonic  speeds for   the model with  nacelles NU, Ne, 
and N3 were approximately  equal  and were s ignif icant ly  greater than 
those for nacelle  configuration N1. A s  a lso would be  expected,  nacelle 
configurations N2 and N3 were markedly superior t o  Nu ar.d Nl at 
supersonic  speeds. - 

I 



EACA RM L52GO2 \ I L  11 
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The variations of drag-break Mach  number with l i f t  coeff ic ient   for  
the basic model and for  the  underslung  nacelles  and the pylon-suspended 
nacelles are presented  in  figure 25. The drag-break Mach  number is  

defined i n  this paper as the  value where dcD = 0 -10. The underslung 

nacelles and the pylon-suspended nacel les   in   posi t ions NL and N2 
reduced  the  drag-break Mach nmber  of the basic  configuration  approxi- 
mately 0.030 for  a l i f t -coef f ic ien t  range from o to 0.35. wring the  
nacelles further from the wing reduced  the adverse e f f ec t s  of the 
nacelle;  nacelle  configuration N 3  did not  cause any measurable 
reduction i n  drag-break Mach number above a lift coefficfent of 0.26. 

d M  

Pylon-suspended nacelles  with air flaw.- The var2ations of incre- 
mental  drag  coefficient  with Mach number f o r  the pylon-suspended 
nacelles  with a i r  flow in posi t ion N2 for  0 and 0.3 l i f t  coefficient8 
are shown i n  figure 26. Wdif icat ions were made to these ducted 
nacelles in order   to  show the effects  of the shapes and locations 
of  the inlets  and ex i t s .  The incremental  drag  coefficiente were based 
upon the w i n g  area and include the internal  drag of the nacelles. 
Flow measurements were made for nacelles N2a i n  order t o  determine 
the mass flow and internal   drag  character is t ics .  The results of  these 
measurements are given i n  figures 35 to 38. It rill be  noted that the 
internal  drag of  the  nacelles i s  small and, therefore, would have a 
negligible effect on the  incremental  drag  values. The ducted  nacelles 
generally had appreciably higher incremental drag coefficients  than the 
faired  nacelles N2 except in a limlted region  near M = 1.00. This 
difference  in  drag  could be a t t r i b u t e d   t o  the increased  bluntness  of 
the body ( in l e t s  and exits) compared W F t h  the basic body.  Results 
presented i n  reference 12 indicate  that the drag  difference  should be 
negligible  provided the inlet and e x i t  shapes were comparable with 
those for the faired nacelles. It w i l l  a l so  be noted that the dif- 
ferences  in the incremental drag values  for the various  ducted  nacelles 
generally are small. 

Maximum l i f t -d rag   r a t io s   fo r  the various  ducted  nacelles i n  
posit ion N2 are given i n  figure 27. With the  exceptfon  of a t  
subsonic  speeds, all of the  ducted nacelle configurations had approxi- 
mately  equal maximum l i f t -d rag   r a t io s  throughout the test Mach  number 
range.  Nacelle NZa was appreciably  superior t o  the other  nacelles 
with  regard  to maximm lif t -drag  ra t ios   for   subsonic  Mach numbers  up 
t o  about 0.92. 

The drag-break Mach number of the basic  6-percent-thick wing model, 
as indicated  in  figure 28, was reduced  approximately 0.03 t o  0.05 i n  
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Mnch  number due t o  the addition of the  various  ducted  nacelle  configu- 
rations.  Again, a better  nacelle shape  might have reduced t h i s  penalty. 

Submerged nacelles.- The var ia t ion of  incremental  drag  coefficient 
wi th  Mach  number for  the submerged nacelle  installations,  Nsl and Nag, 
i s  shown in   f i gu re  29. A t  zero l i f t  coefficient,   the submerged nacelles 
N s l  increased the drag of the model with the  6-percent-thick wing from 
11 percent at a Mach  number of 0.70 t o  39 percent a t  a Mach  number 
of 1.10. On the  other hand, the submerged nacelles Ns2 caused a 
38-percent  increase i n  the drag  of  the  thickened  wing-root model a t  a 
Mach  number of 0.70 and only a 12-percem  Increase i n  the drag a t  a 
Mach  number of 1.10. The reason  for the difference i n  drag   leve ls   a t  
subsonic Mach numbers for   the two submerged nacelles i s  due t o  the 
lower drag values a t  zero l i f t  of the  thickened-root wing  model a s  
campared with the  6-percent-thick wing model. The drag  coefficients  at  
zero l i f t  for the two basic wing models are also  included i n  f igure 29. 

+ 

Because of the  differences in the  drag  coefficients of the  basic 
models, the  total   drag  coeff ic ients  fo r  the two  submerged nacelle 
configurations are of greater  significance  than the incremental  drag 
coefffciente. A comparison  of the data of figures 16 and 17 ehows tha t  
the minimum drags of the two configuratfocs were very  nearly the  same 
throughout  the test Mach  number range. This result i s  par t icular ly  
s ignif icant   a t   supersonic  Mach numbers near 1.10 where the minimum drag 
of the  basic  6-percent-thick wing  model W1 was about 20 percent lower 
than  tha t  of thickened-wing-root model Wg, 

Maximum l i f t -drag   ra t ios   for   the   bas ic  and  aubmerged-nacelle 
model8 are  presented  in figure 30. The maximum l i f t -d rag   r a t io s  for  
the submerged nacelle model with the thickened wing root  NB2 were 
slightly  higher  than  those  for the submerged nacelle model wi th  the 
6-percent-thick wing Msl fo r  Mach numbers up t o  about  0.97 and were 
approximately  equal t o  the valuee  for   this  model a t  a l l  higher  test  
Mach numbers. Moderate thickening of the w i n g  root  (the  difference 
between models Wl and W 2 )  was therefore accomplished  without  penalty 
i n  drag or l i f t -d rag   r a t io  when the  nacelles were located i n  the w i n g  
root  rearward of the maximum thickness  station. 

The results  preaented  in  f igure 31 show that the submerged nacelles 
N s l  reduced the drag-break Mach  number of  the 6-percent-thick wing 
model approximately 3 percent whereas the submerged nacelles Ns2 
generally had a negligible  effect  on the drag-break Mach  number of the 
thickened-root-wing model. 

Wing-tip nacelles.- The variations of the  incremental drag coefficients 
with Mach number a t  0 and 0.3 lift coefficients fo r  the wing-tip nacelles 
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r are shown i n  figwe 32. The drag  coefficient for the isolated  nacelles 
obtained from unpublished  rocket data is  a l s o  included  in figure 32. 
Of the various  nacelle  configurations  tested on the 6-percent-thick 
wing model, the  nacelles  located a t  the wing t i p s  had the  smallest 
transonic  drag rise for  both 0 and 0.3 l i f t  coefficients; however, the 
drag  level  generally was s t i l l  high when compared t o  that of the  isolated 
nacelLes. A t  zero l i f t  coeff ic ient  and a Mach number of 1.10, the  
drag of the basic model was increased  about 29 percent by the addition 
of the wing-tip  nacelles whereas the pylon-suspendjed nace l les   in  
positions N2 and N3 and  the submerged nacelles Nsl increased  the 

drag of the  basic model by approximately 39 percent. A comparison of 
the incremental  drag  coefficients  with the drag of the  isolated  nacelles 
for   zero lift coeff ic ient  and a Mach  number of 1.10 indicated that the 
interference  drag  for the pylon-suepended nacel les   in   posi t ions N2 
and N3 was approximately  twice tha t  of the  wing-tip  nacelles. The 
lower drag  values  for the wing-tip nacelle in s t a l l a t ion  a t  the high 
Mach numbers are bel ieved  to  be due t o  a reduct ion  in  the severi ty  of 
the  adverse  interference  effects as a result of tke complex flow fields 
that e x i s t  a t  transonic  speeds  as  discussed i n  reference 13. 

.# 

c 

Although the  discussion of the  flow phenomena in reference 13 is 
f o r  a wing-fuselage  combination  having a wing of aspect r a t i o  4.0, taper 
r a t i o  0.6, 45O sweptback of the 0.25-chord line, and NACA 6 5 ~ 0 0 6  a i r f o i l  
sect ions  paral le l   to   the  plane of symmetry, it is believed that similar 
phenomena exist for the wing-body configuration of the present  investi-  
gation. The following  discussion is  a brief re*sum€! of the r e su l t s  
reported  in   reference 13. A t  Mach numbers approachfng 1.00, there is 
a strong normal shock  over  the wing which extends  laterally beyond the 
wing t i p s .  For t he  present model, this shock would pas6  over  the wing- 
t i p   nace l l e  a t  approximately 70 percent  of i t s  length. A strong normal 
shock also emanates f r o m  the  fuselage  behind the wfng t r a i l i n g  edge and 
merges with the wing normal shock  ne& the w i n g  t i p .  As the Mach nmber 
was increased  to  values above 1.00, the fuselage shock separates from 
the wing shock  and moves downstream of the wing t ip.  S t rong  oblique 
shocks f r o m  the wing-fuselage  leading-edge  intersection  also  develop 
a t  Mach numbers a t  and  above 1.00 and extend  la teral ly  beyond the wing 
t ips .  It i s  believed that the resu l t ing  pressure rise through the 
shocks as the shocks a c t  over the after portion of the  nacelles  could 
reduce the drag of the  wing-tip  nacelles  provided the shocks did not 
cause  separation of the flow  over the nacelles. 

* 

Y 
The ef fec ts  of the wing-tip  nacelles on the  var ia t ion of maximum 

lift-drag r a t i o  . w i t h  Mach number i s  presented i n  figure 33. The 

caused  a 19 percent  reduction in the value  of the maximum l i f t -d rag  
ratio a t  a Mach  number of 0.70 as compared to  a decrease of about 

i addition of the wing-tip  nacelles  to  the basic model configuration 
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21 percent  for  the pylon-suspended nacelles  in  posit ions Ng and N 
and to   the  submerged nacelles Nsl. A t  a Mach  number of 1.10, the 
wing-tip  nacelles decreased the (L/D),, value of the  basic model from 
9.0 t o  7.9 or approximately  12  percent, whereas the pylon-suspended 
nacelles  in  posit ions Ng and N3 and the submerged nacelles (mal) 
lowered the  the (L/D)max values of the  basic model by about 19 percerrt. 
The higher (L/D)- values  for  the  wing-tip  nacelles  could be expected 
since  the  incremental  drag  values a t  zero l i f t  coefficient and the  drag 
due t o  lift as indicated by the  high  values of l if t-curve  slope were 
lower than  those  for  the  other  nacelle  configurations  tesked on the 
6-percent-thick wing. 

3 

The e f f ec t s  of the  wing-tip  nacelles on the  drag-break Mach  number 
of  the  basic model are presented  in  f igure 34. T h e  wing-tip  nacelles 
reduced the drag-break Mach  number  of the  basic model approximately 0.025 
throughout  the lift coefficient  range shown. 

Mass-Flow Characterist ics 

The r e su l t s  of the mass-flow measurements for  the pylon-suspended 
nacelle N2a are presented in   f i gu res  35 t o  38. The var ia t ion of 
point mass-flow coefficient with area r a t i o   ( f i g .  35) indicated, a s  t o  
be  expected, that as the  angle of attack was increased,  the air flow 
through the nacelle had a tendency to  separate from the lower wall. 
I t  would also  be  expected that no separation of the a i r  flow in   t he  duct 
would be evident  for Oo angle of attack  for  the Mach numbers  shown. 
Separation of t h e   a i r  flow from the upper wall, however, was indicated 
a t  Oo angle  of  attack  for Mach numbers 1.00 and 1.10. Separation of 
the flow from the lower wall that e x i s t e d   a t  20 angle of a t tack  for  
Mach numbers below 1.00, on the other hand, was not  evident  for Mach 
numbers of 1.00 and 1.10. It is believed that these characterist ic8 
are probably due t o  the  turning of the  entering  air   f low caused by the 
bow waves ahead  of the body and of the nacelles (see f ig .  39) and t o   t h e  
sharp nose radius of the nacelles. 

The internal  drag  characterist ics of the  nacelle are presented i n  
f igure 36. Theinternal  drag  coefficient was based upon the w i n g  area 
and represents  the  internal  drag of o n l y  one nacelle. It can be seen 
that the effects of compressibility on the  internal  drag  coefficient 
are  negligible. It should  be s ta ted  that a normal shock was evident 
downstream of the measuring s t a t ion  a t  the  nacelle  exit   (f ig.  39) and 
the  losses  through  this shock were not  included in   t he   i n t e rna l  drag. 
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* The var ia t ion of mass-flow rat io   with Mach  number fo r  Oo angle of 
a t tack  for   the pylon-suspended nacelle is shown in figure 37. The mass- 
flow rat io   increased from a value of  0.85 a t  a Mach  number of 0.30 t o  
0.90 at a Mach  number of 1.10. .I 

The var ia t ion of inlet ve loc i ty   ra t io   wi th  Mach  number fo r  Oo angle 
of  attack i s  given i n  figure 38. The inlet velocity  ratio  decreased 
from a value  of 0.81 t o  0.65 as the Mach number increased from 0.50 t o  
1-10. 

Schlieren Photographs 

Schlieren  photographs of the flow over the body and nacelles a t  
0' angle of a t tack  are shown i n   f i g u r e  39. Two disturbances  in the 
flow are evident a t  a Mach number of 0.97. The dlsturbance "arr i s  a 
normal shock on the  nacelle.   Preasure  distributions on a very  nearly 
similar inlet ( re f .  14)  indicated a shock t o  form a t  approximately  the 
same location shown i n  the photograph. The disturbance "b" is also a 
normal shock which occurred a t  the rearward end of  the nacelle. Behind 

velocity  but as the flow  approached the rearward  end of the nacelle, it 
again expanded t o  local  supersonic  velocit ies due t o  the curvature of 

* the nacelle  exit .   Since the flow  through the nacelle was choked a t  the 
exit as. indicated by the  total-pressure and static-pressure measuremente, 
the flow downstream of t h e   e x i t  expanded t o  supersonic  speeds  caused by 
the low pressures  of  the exganding flow around t h e   r e w a r d  end of the 
nacelle and then  terminated  with  the normal shock "b". An oblique 
shock  extending from the normal shock "b" which t u r n s  the a i r  flow 
paral le l   wi th   the stream i s  also evident. With an  increase i n  Mach 
number t o  1.00, an  additional  disturbance "err i s  formed which i s  due 
t o  the intersect ion of the nacelle s t r u t  and the  leading edge of the  
wing at the 0.40-semispan s ta t ion.  A t  a Mach m k e r  of 1.024, a detached 
bow  wave ''d" i s  seen t o  approach  the body and a detached wave rrerr t o  
approach the inlet of the  nacelle.  The disturbances "a'' and "c" have 
become oblique t o  the flow. AB the Mach  number w a s  increased t o  
approximately 1.12, the various disturbances have become  more pronounced 
and more oblique t o   t h e  flow. The bow  wave I ' d f f  now haa become attached 
t o  the nose of  the body. The normal shock "b" a t  the  nacelle  exit  i s  
s t i l l  evident  even  though the free-stream  velocity i s  supersonic. 

c the normal shock "a" the  flow  essentially  returned  to  free-stream 

L i f t  Characterist ics 

z The ef fec ts  of changes in the location of  .the  various  nacelles on 
the lift-curve  slopes of  the 6-percent-thick wing W1 and the thickened- 
root  wing W2 are shown i n  figure 40. These ctmves represent  average 
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slope  values  for the l i n e a r - l i f t  range. The addition of the  nakelles 
generally  increased  the  lift-curve  slope  values of the  basic model. 
Except for  the dng-t ip   nacel les  and Mach numbers near 0.95, these 
increases   in  the l i f t -curve slopes were generally small. The rather 
large  increases i n  the lif t-curve  slopes  for the wing-tip nacelles 
could be due to   the   end-p la te   e f fec t  of the nacelles on the wing. 

Longitudinal  Stability C h a r & C t e r i 8 t i C S  

The r a t e  of change of  pitching-moment coefficient with l i f t  coef- 
f i c i e n t  (dCm/dC~) was obtained i n  order t o  determine the aerodynamic- 

center  locatipn in percent of the mean aerodynamic chord of the various 
model configurations. The slopes were averaged  over the  l inear   gor t ion  
of the  curves and represent  average  values  for a range frcm 0 t o  
approximately 0.3 lift coefficient.  The effect  of the various  nacelle 
configurations on the aerodynamic-center location is presented  in 
figure 41. The pylon-suspended nacelles with and without a i r  flow and 
the  underslung  nacelles produced destabil izing moments as  indicated by 
the forward shifts i n  the aerodynamic-center  location when compared 
with the basic model. The forward s h i f t s   i n   t h e  aerodynamic-center 
location amounted t o  approximately 2 t o  5 percent of the mean aerodynamic 
chord. The submerged nacelles and the wing-tip  nacelles, on the  other 
hand, caused s t a b i l i z i n g   m e n t e  of about 2 t o  6 percent rearward shifts 
i n  the aerodynamic-center location as compared with the basic models. 
It is also evident  that  as the Mach  number increased from 0.50 t o  1.10, 
the aerodynamic-center location  of all configurations moved rearward 
about 16 percent which compared w i t h  a similar rearward movement for  
the basic models. 

CONCLUSIONS 

An investigation was made i n  the Langley 8-foot  transonic  tunnel 
of the e f fec ts  of nacelle shape and posit ion on the aerodynamic charac- 
t e r i s t i c s  of two aweptback wing-body configuratione. The two wings had 
47O sweepback of the 0.25-chord Ifne,   aspect  ratio of 3.5, taper   ra t io  
of 0.2, and zero twist and dihedral.  One configuration had a w i n g  with 
a constant streamwise thickness  of 6 percent  along the span. The other 
configuration employed a wing w i t h  6-percent-thick  sections  outboard 
of the 40-percent-semispan station  but  tapered  to a 12-percent-thick 
sect ion  a t   the   plane of symmetry. nacelles  investigated  consisted of 
underslung and  pylon-suspended nacelles  located a t  the b-percent- 
semispan station, submerged nacelles, and  wing-tip  nacelles. The fo l -  
lowing  conclusions  are  indicated: 

. 
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0 1. The drag a t  high-subsonic Mach numbers for the various  nacelle 
configuratfons  with  the  exception of the  underslung  and  wing-tip  nacelles 
was high when compared with the drag of the isolated nacelles. A t  
transonic Mach numbers, the interference  drag of the various nacelle 
configurations was high in   near ly   a l l   cases .  In general,  the  configu- 
rations  with highest drag were those in which the maximum area of t.h 
nacelles  occurred a t  or  near the maximum cross-sectional area of  the 
wing-body combination. 

2. I n  the  case of the  nacelles  located  at   the &I-percent-semispan 
station, moving the  nacelles a moderate amount ahead of and darn  from 
the local, wing chord  caused substantial   reductions i n  t ransonic   inter-  
ference  drag. Further chordwise and vertical, movement of the pylon- 
suspended nacelles did not r e s u l t   i n  any appreciable  drag  reductions 
but had a favorable  effect  on the  drag-break Mach number. 

3 .  A t  Mach numbers up t o  about 0.80, t h e   s t r u t  and  strut-end 
junctures  of  the pylon-suspended nacelles  appeared  to  be  responsible 
fo r  a large  interference  drag. 

4. Moderate thfckening of the wing root  was accomplished  without 
penalty i n  m i n i m u m  drag or maximum l i f t -d rag   r a t io  when the nacelles 
were submerged i n   t h e  wing root a f t  of the  maximum thickness  station. 

5. A t  high Mach numbers the  wing-tip  nacelles had the lowest 
incremental  drag  coefficients and the  highest maximum l i f t -drag-rat io  
values of the  varioua  nacelle  configurations  investigated on the w i n g -  
body configuration  with the 6-percent-thick wing. 

6. The various  solid  nacelle  configurations  reduced  the  drag-break 
Mach  number of the  basic models aMut 0.020 to 0.040. 

7. Generally, the  addition of the various  nacelles t o  the  basic 
wing-body configurations produced small increases i n  the lif t -curve-  
slope character is t ics .  

8. The pylon-suspended and underslung  nacelles produced destabil izing 
moments whereas the submerged and wing-tip  nacelles  caused  stabilizing 
moments of the basic model configurations. 

Langley Aeronautical Laboratory 
National  Advisory Conrmittee f o r  Aeronautics 

langley  Field, Va. 
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TABLE E 

AIRFOLL COORDINATES FOR THE 6-PERCENT-TRICK AND 

THICKENED-ROOT WINGS 

t-"-i +" Y - >, t 
I 

c"-------------cl 

poordinates are in percent of chord] 

0-percent-thick wing 

- 
- 

x/c 

0 
.5 
.75 
1.25 
2.5 
5.0 
7.5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
00 
65 
70 
75 
80 
85 
90 
95 

io0 

L.E. radius = 0.0024~ . 

Upper 
surface 
0. ogl 
.577 
.717 
.919 
1.304 
1.872 
2.318 
2.608 
3.150 
3.482 
3.701 
3.853 
3.940 
3.981 
3.937 
3.823 
3.013 
3.342 
3.018 
2.651 
2.231 
1.785 
1.339 
.892 
.446 

0 

Y /C 

Lower 
surface 

.370 

.440 

.534 

.621 
,701 
.857 
.980 
1.269 
1.496 
1.697 
1.846 
1.960 
2.021 
2.030 
1.977 
1.872 
1.097 
1.487 
1.277 
1.059 
.849 
.639 
.420 
.210 

0 

0 

Thickened mot w h g  

0 
.5 
.75 
1.25 
2.5 
6.0 
7.5 
10 
16 
20 
25 
30 
35 
40 
45 
50 
55 
60 
05 
70 
75 
80 
85 
90 
95 
100 

Root station 

Y /C 

Upper 
surface 
0.301 
1.120 
1.335 
1.658 
2.261 
3.208 
3.919 
4.500 
5.362 
5.965 
0.395 
6.718 
0.912 
6.977 
6.912 
6.675 
0.288 
5.771 
5.168 
4.457 
3.725 
2.928 
2.239 
1.486 
.732 
0 

Lower 
surface 
0 
.754 
.g04 
1.141 
1.507 
2.024 
2.433 
2.799 
3.445 
3.984 
4.4  14 
4.716 
4.910 
5.017 
4.990 
4.823 
4.522 
4.113 
3.818 
3.101 
2.584 
2.067 
1.550 
1.034 
.517 
0 

1 

LE. radius = 0.0099~ 

. 

I 
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TABLE II 
SUMMARY OF AERODYNAMIC CHARACTERISTICS OF VARIOUS NACELLE CONFIGURATIONS ON 

THE 6-PERCENT-THICK WING MODEL 

CD emdyrmric-center B 
/ " - 1 + + l c a t i o n . p e r c e n t  F (+dmx CL.03 CL.0 

Basic m o d e l  WI 
RA-0.701 1.10 

365 I !50.6 0.957 0.975 I 9 2  I 9.0 31)095)0~2230.0167~.0333 
.70 I 1 - 1 0  0.3 0 -70 1 [.IO -70 I [.IO 

c"----- Nacelle position 

.0022 .0064 -0033  -0067 15.5 7.9 .950 

.0010 .W87 13033 .009i! 1 5 . 3  7.3 950 

L 

0.3 
CL' 
- 
3.920 

- 

9 2 5  

-950 

- 

920 

- 

932 

- 
928 

- 
.933 

4erodymnic-center 
location, percent E 

.70 1.10 

33.0 47.1 

330 476 

33.0 485 

325 47.3 

I 
34.0 49.0 I 
43Q 563 I 
37.8 I 55.3 
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-sv 
o Diffuser-entrmce-nose arrmgmnt for subsonic operation 

Diffuser-entrance-nose arangement for supersonic operation 
M 

8 
Axial distance from sic4 origln,xjn. 

Figure 1.- Mach number distributions along the center Of the test section. 
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W i n g  Details 

Alrfoil section paral.le1 to plane of a p e t r y  

Pean line ordinates 113 of HACA 230 series + EACA 6-series 
!l!hicknass aistribution 6% series 

unim~-load mean l ine  (a = 1.0) for 

h a ,  sq  fi . . . . . . . . . . . . . . . . . . . . . . .  l.lk3 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . .  3.5 
Taperratio . . . . . . . . . . . . . . . . . . . . . . .  0.P 
Incidence, deg . . . . . . . . . . . . . . . . . . . . .  
~ m , a e g .  . . . . . . . . . . . . . . . . . . . . .  
Qumatrlc twist ,  b e g  . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  . . .  
a deaiga lift coefficient of 0.1 

Flgure 2.- Model plan form. A l l  dlmenslons are in inches. 
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COordbtes for qacelle mse 
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1.00 
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.281 

.422 
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A -A 
Strut section 

NAGA 65A005 

N1 0,W 0.168 
Nz 1.161 .X37 

1.582 .%2 
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I 

Figure 3.- Location of underslung and pylon-suspended nacelles on the 
6-percent-thick wing-body configuration. A l l  dimensions are in 
lnche 8 .  
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(a) Vfew from front.  

(b) View f r o m  rear .  

.Figure 4.- Pylon-suspended nacelles in position N2 installed on the . 

6-percent-thick wing-body configuration. Ducted nacelle N2a mounted 
on the  left w i n g  and fa i red  nacelle mounted on right wfng. 
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NACA 1-66-059 inlet 
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8 
Figure 5.- Ducted nacelles investigated in position 2 on 6-percent-thick 

xlng-body configuration. 
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Figure 6 . -  Submerged nacelles innstatalled on the thickened-root --body 
configmation. v 

L-73.806 
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Nose and tail 
of nacelle 

(a) N,1 on 6-percent-thick wing. 

Figure 7.- Locations  and  details of the submerged nacelles on the UFng- 
body configuration. A l l  dimensions are in inches. . 
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(b) NB2 on thickened-root wing. 

Figure 7.- Concluded. 

I .o 

Leading edge of 
at 0.234 b/2 



. 

Figure 8.- Location of wing-tip nacelle8 on the  6-percent-thick wing- 
body configuration. A l l  dimensions are in inches. - 
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5 .6 .7 .8 .9 I .o I .I I12 
Mach number ,M 

Figure 9.- Variation x i t h  Mach number of t e a t  Reynolds number based On 
a mean aeroaynamic chord of 7.874 Inches. CU 
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-. 2 0 0 0 0 0  0 0 0  0 0 0 0  0 .2 .4 .6 
Lifi coefficient, C, 

(a) Angle of attack. 

Figure 10.- Variation with lift coefficient of the aerodynamic chamc- 
ter ia t ice  for the 6-percent-thick Xing. W1. 
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I , 

(b) Drag coe f f l c l en t .  

Figure 10. - Continued. 
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4 -.2 0 ,2 .4 .6 .8 1.0 1.2 
Lift coefflcient , CL 

(c) Pitching-moment coefficient. 

Figure 10. - Concluded. 
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Lift coefflclent, CL 

(a) Angle of attack. 

Figure 11.- Variation with 1Fft coefficient of the aer0dynamj-c charac- 
teristics for the thickened-root w. W2. 
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(b) Drag coefficient. 

Figure 11.- Continued. 
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Lfft coefficient ,GL 

(c) Pitching-moment coefficient. 

37 

Figure 11. - Concluded. 
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(a) Angle of attack. 

F l w e  12.- Variation with lift coefficient of the aerodynamic chamc- 
ter is t lca  for wing 1, with underslung nacelles NU. 

. .. 



Figure E. - Continued. 
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Lift coefficient, CL =K@Cr u 

(c) Pitching-moment coefficient. 

Figure 12. - Concluded. 
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Figure 13.- Continued. 
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(c) Pitching-moment coefficient. 

43 

Figure 13. - Concluded. 
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7 2  0 0  

(a) Angle of attack. 

Figure 14.- Variation with lift coefficient of the aerodynamic charac- 
t e r i s t i c s  for  wing 1, with pylon-suspended nacelles, position N2. 
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Ufi coefficient, CL 

(b) Drag coefficient. 

Figure 14.- Continued. 
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Lift coefficient,CL 

(c )  Pitching-moment coeff ic ient .  

Figure 14. - Concluded. 
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(b) Drag coefficient. 

Figure 15." Continued. 
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(c) PitchFng-moment coefficient. 

Figure 15. - Concluded. 
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I 
Lift coefficlent,GL 

(a) Angle of attack. 

Figure 16,- Variation Kith l i f t  coefficient of t he  aerodynamic charac- 
te r i s t ics  f o r  wing 1, with submerged nacelles A,1. 
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(b) Drag coefficient. 

rigure 16.- Continued. 
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Lift coefficient ,CL 

(c )  Pitching-moment coefficient. 

Figure 16. - Concluded. - 



. .  . 

I I 

8 

g 6  
3 
e! 
x 
c 8 4  
c 
0 

5 2  - m 
rn 
3 0  

- 2  

-.2 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 , 2 . 4 . 6  
Lift coefficient ,CL 

I 
(a) Angle of attack. 

Figure 17.- Variation ~5th lFft coefficient of the aeTOdYmniC charac- 
terietics for w i n g  2, w i t h  submerged nacelles N&. 
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Liff coefficient ,GL 

(b) Drag coefficient. 

Figure 17. - Continued. 

. .  

. .  . 

ul c 

I 
2! 

E 

F R) 

. . . . . . . 
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Lift coefficient ,CL 

( c )  P i t C h i n g - M O m e I I t  coefficient. 

Figure 17. - Concluded. - 



(a) Angle of attack. 

Figure 18. - variation with lift  coefficient of the aerodynamic charac- 
teristics for wing 1, with --tip nacelles &. 
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Lift coefflclent ;GL 

(b) Drag coefliclent. 

Figure 18.- Continued. 
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( c )  , Pitching-moment coefficient. 

Figure 18. - Concluded. 
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(a) Angle of attack. 
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(b) Drag coefficient , 

Figure 19.- Continued. 
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Lift coefficient,CL 

( c )  Pitching-moment coefficient. 

Figure 19. - Concluded, - 
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Lift mefficient, CL 

(a) Angle of attack. 

Figure 20.- Variation with lift  coefficient of t h e  aerodynamic  charac- 
terlstics for ving 1, with pylon-suspended nacelles,  position N2, 
modification b (with air flow). Na. 
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(b) Drag coefficient. 

Figure 20. - Continued. 
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4 -.2 0 .2 .4 .6 .8 1 x >  
Uff coefficient,CL wdT 

(c) Pitching-moment coefficient. 

Figure 20. - Concluded. 



8 

5 4  
t 
0 

-2 

I I 
1 I c" 

0 0 0 0 0 0 0 0 0 0 ,  2 . . 4  , 6 
Lift coefficlent ,CL 

(a) Angle of attack. 

Figure 21.- Variation with 1st coefflcient of the aerodynmic  charac- 
t e r i s t i c s  f o r  wing 1, wlth pylon-suspended nacelles, position Re, 
modification c (w i th  air  flow). ~ 2 ~ .  

. .  
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(b) Drag coefficient. 

Figure 21.- Continued. 
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(c) Pitching-moment coefficient . 

Figure 21. - Concluded. 
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Lift coefficient, GL 

(a) Angle of attack. 

Figure 22.- Variation with lift coefficient of the aerodynamic chamc- 
te r i s t ics  for wing 1, with pylon-euopended nacelles, pO6itiOn Ii2, 
moaficatian d ( w i t h  air flax). ~23,. 
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Lift coefficient,CL 

(b) Drag coefficient. 

Figure 22.- Contlnued. 
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Lift coefficient ,CL T i i t ~7  "" .:l" 

(c) Pitching-moment coefficient.  

Figure 22. - Concluded. 
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Figure 23.- Variation w i t h  Mach number of t h e  incremental drag coefficients 
for the underslung and pylon-suspended nacelles. 6-percent-thick wing .  
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Figure 24.- Effect of underslung and pylon-suspended nacelles on the 
variation of maxhum lift-drag ratio with Mach  number for the 
6-percent-thfck wing-body configuration. 
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Figure 25.- Effect of underslung and pylon-suspended nacelles on the 
variation of the drag-break Mach  number with lift coefficient for 
the 6-percent-thick wing-body configuration. 
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f Mach number , M  

Figure 26.- Variation with Mach number of the incremental drag coeff ic ients  
for the pylon-suspended nacelles with a t r  f l o w .  6-percent-thick f i g .  
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. 

. 
Figwe 2’7.- Effect of pylon-suspended nacelles  with  air  flow on the 

variation of maximum l i f t -drag ratio with Mach number for   the 
6-percent-thick wing-body configuration. 
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Figure 28.- Effect of pylon-euepended nacelles with a h  flow 011 the 
variation of drag-break Mach number with l i f t   c o e f f i c i e n t  for the 
6-percent-thick wing-body configuration. 
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Figure 29. - Variation nlth Mach numker of the incremental drag coeff ic ients  
f o r   t h e  submerged nacelles. 6-percent-thick and thickened-root wing€!. 
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gure 30.- Effect of submerged  nacelles on the  variation of maximum 
lift-drag  ratio w i t h  Mach number  for  the 6-percent-thick and the 
thickened-root wing-body configurations. 
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Figure 31.- Effect of submerged nacelles on the variation of drag-break 
Mach number  with lift  coefficient for  the  6-percent-thick and the 
thickened-root wing-body configurations. - 
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Figure 32.- Variation w i t h  Mach number of t h e  incremental drag coefficients 
for the wing-tip nacelles. 6-percent-thick w i n g .  
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Figure 33.- Effect of wing-tip nacelles on the  variation of maximum 
lift-drag ratio with Mach number for the 6-percent-thick wing-body 
configuration. 
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F i v e  34.- Effect of wing-tip nacelles on the  variation of drag-break 
Mach rimer with lift  coefficient for the 6-percent-thick wing-body 
configuration. r 
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Figure 35.- Variation of point-mass flaw ccef f lc lent  wlth area ratio 
for the pylon-suspended nacelle ma. 
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Figure 36.- Variation of internal-drag  coefficient with lift  coefficient 
for pylon-suspended nacelle - N h .  - 



11v 

- .  

8 

NACA RM L52G02 d l  

1.0 

c 

1 

r u  
- 

-5 .7 .8 .9 I .o 1 .  I 1.2 
Mach number ,M 

Figure 37.- Variation of the mass-flow r a t i o  with Mach nmber f o r  the 
pylon-suspended nacellee. Nza. a = 0'. 

Figure 38.- Variation of inlet   veloci ty   with Mach number f o r  t he  pylon- 
suspended nacelles N%. a = Oo . 
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M = 0.97 M = 0.975 

M = 0.99 M=l.00 
v Figure 39.- Schlieren  photographs of the f low for  the wing-body L-75150 

conf igumt ion  with pylon-suspended nacelles Nza. a = Oo. 
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Figure 39.- Continued. 
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Figure 39. - Continued. L 
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Figure 39.- Concluded. 
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Figure 40.- Effect of nacelles on the variation of lift-curve slope with 
Mach number for the  6-percent-thick wing-body configuration and the 
thickened-root wing-body configuration. 
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Figure 41.- Effect of nacelles on the variat ion of aerodynamic-center ' _  

location w i t h  Mach number f o r  the 6-percent-thick wing-body configu- 
ra t ion  and the  thickened-root wing-body conflgumtion. 
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